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FIELD OF THE INVENTION 



The present invention relates to the killing of abnormal cells utilising a virus. There is 
5 also described a method of screening cells to ascertain whether they are susceptible to 
treatment with viru8> as well as pharmaceutical compositions- The invention finds 
veterinary use as well as broad application in the human medical field, 

BACKGROUND OF THE INVENTION 

Ovarian cancer is a leading cause of morbidity in the female population- Several 
10 malignancies arise from the ovary. Epithelial carcinoma of the ovary is one of the most 
common gynaecolog;ic malignancies and the fifth most frequent cause of cancer death in 
women^ witti half of all cases occurring in women over age 65. 

Approximately 5% to 10% of ovarian cancers are familial and 3 distinct hereditary 
patterns have been identified: ovarian cancer alone, ovarian and breast cancers/ or ovarian 

15 and colon cancers. The most important risk factor for ovarian cancer is a family history of 
a first-degree relative (mother/ daughter, or sister) with the disease. The highest risk 
appears in women with 2 or more first-degree relatives witii OT^arian' cancer* The risk is 
somewhat less for women with one first-degree and one second-degree (grandmotiher, 
aunt) relative with ovarian cancer. In most femilies affected with breast and ovarian 

20 cancer syndrome or site-specific ovarian cancer, genetic linkage has been found to the 
6RCA1 locus on chromosome 17q21. BRCA2, also responsible for some instances of 
inherited ovarian and breast cancer, has been mapped by genetic linkage to chromosome 
13ql2. 

The lifetime risk for developing ovarian cancer in patients harbouring germ-line 
25 mutations in BRCAl is substantially increased over the general population. Two 

retrospective studies of patients with germ-line mutations in BRCAl suggest tihiat these 
women have improved sturvival compared to BRCAl negative women. When interpreting 
this data, it must be considered that the majority of women with a BRCAl mutation 
probably have family members with a history of ovarian and/or breast cancer. Therefore, 
30 these women may have been more vigilant and inclined to participate in cancer screening 
programs tiiat may have led to earlier detection. For patients at increased risk^ 
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prophylactic oophorectomy maybe considered after the age of 35 if childbearing is 
complete. However, the benefit of proph)dactic oophorectomy has not yet been 
established. A small percentage of women may develop a primary peritoneal carcinoma, 
similar in appearance to ovarian cancer, after prophylactic oophorectomy (Xiao, C. etal., 
5 2001). Epithelial carcinomas are the most common types of ovarian cancer. Stromal and 
germ cell tumors are relatively imcommon and comprise less than 10% of cases. 

Ovarian cancer usually spreads via local shedding into the peritoneal cavity followed by 
implantation on ihe peritoneum^ and via local invasion of the bowel and the bladder. Ihe 
highly ledial nature of this tumor is due to the absence of symptoms in women with early 

10 stages of this disease. The incidence of positive nodes at primary surgeiy has been 
reported as high as 24% in patients with stage I disease^ 50% in patient with stage II 
disease, 74% in patients with stage IH disease, and 73% in patients with stage IV disease. 
Tumor cells may also blodc diaphragmatic lymphatics. The resulting impairment of 
lymphatic draixiage of the peritoneum is thought to play a role in development of ascites 

15 in ovarian cancer. Also, transdiaphragmatic spread to the pleura is common. 

Prognosis in ovarian cancer is influenced by several factors, but multivariate analyses 
suggest that the most important favorable factors include younga* age^ good performance 
status, cell type other tiian mucinous and dear cell, lower stage, weK differentiated tumor, 
smaller disease volxmie prior to any suirgical debulking, absence of ascites, and Bmaller 

20 residual tumor following primary cytoredudive surgery. For patients with stage I disease, 
the most important prognostic factor is grade^ followed by dense adherence and large- 
volume ascites. DNA flow cytometric analysis of stage I and stage HA patients may 
identify a group of high-risk patients. Patients with dear cell histology appear to have a 
worse prognosis. Patients with a significant component of transitional cell carcinoma 

25 appear to have a better prognosis* 

Although the ovarian cancer-assodated antigexv CA 125, has no prognostic significance 
when measured at the time of diagnosis, it has a high correlation v^th survival when 
measured one month after the third course of chemotherapy for patients with stage III or 
stage IV disease (Rossmann, M.G, etal., 2000), For patients whose elevated CA 125 
30 normalizes with chemotherapy, more than one subsequent elevated CA 125 is highly 
predictive of active disease, but this does not mandate immediate therapy. 

Most patients have widespread disease at the time of diagnosis because ovarian cancer is 
often asymptomatic in its early stages, Partly as a result of tiiis^ yearly mortality in 
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ovarian cancer is approxiinately 65% of tiie incidence rate. Long-tenn follow-up of 
suboptimaUy debtdked stage m and stage IV patients reveals a 5-year etirvival rate of less 
than 10% even with platinum-based combination therapy. Nevertheless^ early stages of 
the disease are curable in a high percentage of patients. 

5 At present the treatment for late stage ovarian cancers involves a total abdominal 

hysterectomy, careful examination of serosal surfaces, and attempts to debulk all gross 
disease usually followed by combination chemodierapy that includes a platinum 
analogue, The survival rate is Ihen between sbc to forty months, long term survival being 
less than ten percent 

10 There has been ongoing research witii the aim of identifying molecules that are 
differentially expressed in benign and malignant ovarian tumors. 

Ovarian carcinomas have been found to express the integrin ce^pi (Moser, T.L. etaL, 1996; 
Cannistra, S.A. et^,, 1995; Bartolazzi, A, etal., 1993). ocap, promotes metastatic 
dissemination of human ovarian epithelial carcinoma via specific binding interactions 
15 with type 1 collagen (Schiro, J.A, etal., 1991; CardareUi, RM, etal,, 1992). Up-regulated 
surface-expression of integrin aSi has also previously been observed on human gastric 
carcinoma. 

The interaction of oSx with type 1 coUagen likely plays a critical role in peritoneal seeding 
as well as in metastasis, and over expression of OaPi has been shown to induce metastatic 
20 properties in non-metastatic cells (Charv B,M. etal., 1991). Blocking of Ozp^ has been 
shown to largely inhibit adhesion of ovarian carcinomas by type 1 collagen. 

Viruses capable of inducing lysis of malignant cells through their replication process are 
known as oncolytic viruses. Most oncolytic viruses require proliferation in the same 
species or cell lineage. Infection of a cell by a virus involves attachment and uptake into 
25 the cell which leads to or is coincidental with xmcoating of the viral capsid, and 
subsequentiy replication within the cell. 

Oncolytic viruses assessed for capacity to kill cancer cells have included tiie adenovirus 
subtype Egypt 101 virus which showed cmcolytic activity in the HeLa uterine / cervix 
cancer cell line, mumps vims for treatment of gastric carcinoma uterine carcinoma and 
30 cutaneous carcinoma, Newcastle Disease Virus (NDV), influenza virus for treatment of 
ovarian cancer, and adenovirus for treatment of cervical cardnoma (Nemtmaitis J; 1999). 
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Odier reports have indicated that adenoviruses and attenuated poliovirus recombinaats 
may have use in the treatment of malignant glioma cells (e»g. Andreansky S.Sv 1996), and 
that reovirus shows lytic capability in human U87 glioblastoma cells and NIH-3T3 cells 
wi^ an activated Ras signalling pathway (e.g. Strong LE« et al^ 1998). 

5 A vaccinia oncolysate has also been used in clinical trials to treat melanoma (Stage H) 
patients (Nemunaitis J-, 1999), Modified, non-neurovirulent Herpes simplex viruses 
(H5V) have been reported as showing promise for the treatxnent of brain tumors 
including intracranial melanoma and subcutaneous human melanoma (Randazzo B.R.^ 
1997), while adenovirus infection has been reported to enhance killing of melanoma cells 
10 by the plant mitotoxin, saporin (Satyamoorthy K, 1997). 

The receptor on target cells recognised by adenovirus differs for different adenovirus 
types. That is, adenovinis subgroups A, C, D, E and F for instance recognise the CAR 
receptor while Adenovirus type 5 (subgroup C), Adenovirus type 2 (subgroup C) and 
Adenovirus type 9 (subgroup D) recognise major histocompatibility dass n molecule, 
15 oc^Pi and ot^ integrins, respectively. The CAR receptor is known to be expressed on 
melanoma cell lines. 

Heparan sulfate is recognised by Herpes simplex types 1 and 2 and human herpes virus 7, 
Adeno-assodated virus type 2. The receptor for human Herpesvirus 7 is CD4 while 
Bpstein-Barr virus recognises complement receptor Cr2 (CD21). Poliovirus type 1 and 2 

20 recognise poliovirus receptor (Pvr) for cell adhesion while reovirus recognises sialic add. 
Influenza A and B virue recognise the sialic add N-acetyl neuraxxiinic add for cell 
adhesion. In contrastp influenza type C virus recognises the sialic add 9-O-acetyl 
neuraminic add- Vaccina virus recognises both epidermal growth factor receptor and 
heparan sulfate. Coxsackievirus A13, A15, A18 and A21 recognise ICAM-1 and the 

25 complement regiilatory protein DAF (CD55) (see eg. Shafren D Jl., et al 1997). 

Intemational Patent Application No. PCT/AUOO/ 01461 describes the administration of 
Coxsackievirus which recognises ICAM-1 for cell infedivity to a subject for lysis of 
melanoma cells expressing ICAM-1» DAP is also recognised by Enterovirus 70 (see eg. 
Flint SJ, et al (2000) Prindples of Virologyanolecular biology, pathogenesis and control, 

30 ASM Press, Washington). 

A study evaluating the adaptability of ovarian cells to subculture and their potential use 
for the detection of viruses has been reported (Harris, RE and Pindak, FF, 197S). In the 
study, nonnal ovarian ceU cultures were challenged with a broad range of viruses 
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induditig Picomavirus such as Coxsackievirus Coxsaddevixus B, Poliovirufi, Echovirus 
and Cardiovirus and seroiypes thereof; Paramyxovirus such as Newcastle disease virus. 
Measles virus, distemper virus; Adenovirus human subgroup serotypes 3/4,7 and 21; 
Herpes simplex virus. Type 1; Togavirus such as Sindbis and Mararo; Reovirus serotypes 
5 1 to 3; and Vacdnia virus. The study demonstrated that cells from human ovaries can be 
grown long-term in cell culture and may be passaged an undetermined nvtmber of times 
for the propagation of various viruses in vitro and proposed that such culturies may be 
useful for the purpose of stud)ang viral pathogenisis and pathology of viral infection. 
The report further suggested that as some viruses such as poliovirus and vacdnia have 
10 been shown to cross the human placenta and infect the fetus, the study of viral 

interactions with normal ovarian cells in culture may be a means of furthering teratogenic 
investigations. 

Metastatic tumor spread is a pathological process assodated wititi a series of adhesion/ de- 
adhesion events coupled with regulated tissue degradation. Adhesion to and migration 
15 ttirough the extracdlular matrix is essential for tumor invasion. Despite progress being 
made in the treatment of malignancies, the treatment of cancer including ovarian 
malignances presents a major challenge for research and there remains a need for 
alternatives to existing therapy approaches. 

SUMMARY OF THE INVENTION 

20 The present invention relates to the observation that significant killing of abnoimal cells 
such as cancer cells expressing the integxin c^^may be achieved utilising echovirus 
which recognises txSxiov cell infedtivity- 

Accordingly, in an aspect of the present invention there is provided a method for 
treatment of abnormal cells in a mammail, comprising treating the mammal with an 
25 effective amount of virus selected from echoviruses, and modified forms and 

combinations thereof which recognise Cfepi for infectivity of the cells such that at least 
some of the cells are killed by the virus. 

A single virus serotype which recognises may be administered to the mammal or a 
plurality of different echoviruses which recognise aSi may be administered, 

30 The term "abnormal cells" for the purpose of the present invention is to be taken in a 

broadest sense to include malignant cells, the cells of any abnormal growth, and any cells 
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having abnormal upregtdated expression of integrin 02^1 relative to corresponding 
normal cells of the same ceD type expressing their normal phenotype, whellier tfie cells 
are cancer cells or not and whether the cells proliferate at an abnormal rate or not- 
Accordingly, the term encompasses pre-neoplastic and neoplastic cells, and cells that may 
5 or may not ultimately develop into cancer cells. An abnormal growlh may fpr instance be 
a benign or malignant tumor. The abnormal cells will usually be malignant cdls. 
Generally, ttie abnormal cells will have upregulated expression of a^i compared to 
surrounding tissue in which the abnormal cells are found. Hence, the virus will typically 
preferentially infect the abnormal cells due to the greater likelihood of contacting o^Pi on 
10 those cells. As such, the virus may be used to effectively target tiie abnormal cells. 

A method of the invention is particularly suitable for treating ovarian cancer In a patient 
or cancer that has metastasised from a primary ovarian tumor. However, the invention is 
not limited to the treatment of such cancers and methods described herein find 
application in the treatmmt of other cancers including melanoma and prostate tumors as 
well as breast cancer, colon cancer/ colorectal cancer, and secondary cancers that have 
spread Iherefrom to other dtes in the body. For instance, the virus may be administered 
to melanoma cancer cells in areas of the body other than Ae skin of the mammal. 
Accordingly, methods of the invention extend to the treatoient of a malignancy where Ae 
malignanqr has metastisised to a site or tissue in the mammal not normally associated 
witfi infection by echoviruses. 

Typically, the virus will be administered to the mammal as liv^ complete virus. 
Alternatively, nucleic add encoding the viral genome or sufficient thereof for generation 
of the vims may for instance be adnninistered for uptake by the cells and gene;ratlon of 
live, complete virus within the cells. The nudeic add may comprise a single RNA or 
25 DNA molecule or a plurality of such molecules encoding different ones of the viral 
proteins, respectively. 

The virus may also be used to screen abnormal cells to ascertain for instance whether the 
virus may be suitable for treating the mammal from which the cells were obtained or 
whether a different treatment protocol not involving the virus may be more benefidal. 
30 Conversely, different edioviruses and / or modified forms or combinations thereof may be 
screened using samples of cells taken from the mammal in order to select the most 
appropriate virus for treating Ihe mammal. 



15 



20 
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Accordingly, in another aspect of the invention fliere is provided a melhod of screening a 
sample of abnorooal cells jfrom a mammal for susceptibility to virus induced cell death to 
evaluate administering virus to tiie mammal for treatment of the abnonnal cells, tiie 
method comprising the steps of: 

5 (a) providing the sample of the abnormal cells from tiie mammal; 

(b) treating the cells with the virus for a period of time sufficient to allow 
infection of the cells by the virus; and 

(c) determining whedier the virus has infected and caused death of at least 
some of the abnormal cells; 

10 wherein the virus is selected from echoviruses, and modified forms and combinations 
thereof whidi recognise ce^^ for inf ectivity of the abnormal cells. 

A virus may also be selected for use in a method of the invention by testing whether a 
given virus is capable of Infecting and killing at least some of the abnormal cells in the 
sample. In particular, tiie testing may involve screening a number of difiierent viruses by 
15 incubating each virus with a sample of the abnormal cells respectively, and determining 
whether the cells are killed as a result of infection by the virus. 

Hence, in still another aspect of the invention there is provided a method of screening a 
virus for ability to infect and cause death of abnormal cells from a mammal to evaluate 
administerix^ the virus to the mammal for treatment of the abnormal cells, ti^e method 
20 comprising the steps of: 

(a) selecting the virus; 

(b) treating a sample of the abnormal cells from the mammal with the vims for 
a period of time suflSLdent to allow infection of the cells by the virus; and 

(c) determining whedier die virus has infected and caused death of at least 
25 some of the abnormal cells; 

wherein the virus is selected from echoviruees, and modified forms and combinations 
thereof which recognise ^ for infectivity of die abnormal cells* 
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Hie method may also compzise die step of compaiing the ability of the selected virus to 
infect and cause the death of the cells with that of another echovirus or modified f onn 
thereof subjected to steps (b) and (c) utilising another sample of the cells and which 
recognises a^i for cell infectivity. 

5 DeathoftheceUswiUt}^caUy result from ixifection of the cells by the virus, andmaybe 
caused by either lysis of the cells due to intracellular replication of the virus or by 
infection triggering apoptosis most likely as a result of the activation of cellular caspases. 
Once lysed, the cytosolic contents of infected cdls may spill from the ruptured plasma 
membranes^ and antigens including cell surface antigens capable of eliciting an immune 
10 response to the abnormal cells may be released. Henc^ treatment of abnormal cells in a 
mammal in accordance with a method of tiie invention may provide a boost to the 
itimiunity of Ihe mammal against the abiionnal cells. 

Accordingly, in another aspect of the invention there is provided a method for inducing 
an immune response in a mammal against abnormal cells expressing o^pj, the method 
15 comprising infecting abnormal cells in the mammal with virus selected from echoviruseS/ 
modified forms and combinations thereof which recognise for infectivity of the 
abnormal cells and wherein lysis of at least some of cells is caused. 

Generally, the virus will be provided in the form of a pharmaceutical compositicm for use 
in ametiiod of the invention* As such^ in a yet further aspect there is provided a 
20 pharmaceutical composition for treating abnormal cells in a mammal/ comprising an 
inoculant for generating virus to treat the cells such that at least some of the c^lls are 
killed by the virus together with a pharmaceutically acceptable carrier/ wherein the virus 
is selected from echoviruses/ and modified forms and combinations thereolt wliich 
recognise 02^1 for infectivity of the cells. 

25 In another aspect of the present invention there is provided the use of an inoculant for 
generating virus in the manufacture of a medicament for treating abnormal cells in a 
mammal with the virus such tiiat at least some of the abnormal cells are killed wherein 
the virus is selected from echovirus, and modified forms and combinations thereof which 
recognise aj^ for infectivity of the abnormal cells, 

30 In still another aspect of the invention there is provided the use of an inoculant for 

generating virus in the manufacture of medicament for inducing an immune respornse 
against abnormal cells in a mammal, where the virus is selected from echovirus, and 
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modified forms and combinations thereof which recognise aSi for infecdvity of the 
abnormal cells and kill the cells. 

Typically, an echovinifi utilised in accordance with a method of the invention will be an 
ediovirus selected from the group consisting of Echovirus BVl, Echovirus BV8 and 
5 Echovirus BV22. While the virus will usually be a common animal echovirup, the 
invention is not limited Hiereto and a recombinant virus engineered to be capable of 
infecting and killing tiie abnormal cells, or a virus that for instance has otiierwise been 
modified to enhance its ability to iitfect and kill the cells, may be utilised. 

The same virus may be administered to the mammal during different treatment courses. 
10 Preferably, however, different viruses are used for different treatment courses to avoid or 
lessen tlie potential effect of any immune response to the previous virus administered. A 
virus may for instance be administered topically, intratumorally or systemically to the 
mammal* 

The mammal may be any mammal in need of treatment in accordance with the invention. 
15 Typically, the mammal will be a hiraian being. 

A method of the invention may be used as an adjxmct to another treatment of the 
abnormal cells such as a conventional cancer treatment or as a treatment in the absence of 
other therapeutic treatments* In particular, a method of the invention may be utilised 
where conventional treatment is not suitable or practical, or in the instance where exdsion 
20 of abnormal cells may leave scaring or disfigurement which is unacceptable to the patient, 
particularly from the patients face such as from their nose or lip. The vims may be 
administered to the patient prior to and/or after excision of ti:\e abnormal cells. 
Administration after excision may kill residual abrxormal cells left in the surrounding 
tissue. 

25 Accordingly, one or more embodiments of the invention provide an alternative 

therapeutic treatment that may be used both following diagnosis of early stage and latter 
stage malignancy, and which further find application in the killing of abnormal cells prior 
to and remaii^g after surgery. Using protocols as described herein the skilled addressee 
will be able to readily select a suitable virus for use in the methods of the invention, and 

30 determine which abnormal cells are susceptible to infection leading to the death of the 
cells. 
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In still another aspect of the preseitt invention there is ptovided an applicator for 
applying an inoculant to a manunal for generating viras to Ireat abnormal cells in the 
mammal, wherein tfie applicator comprises a region impregnated witii the inoculant 
mammal such that ihe inoculant is in contact with the mammal, and the virus ie selected 
5 from echoviruseS/ and modified forms and combinations thereof, which recognise for 
infectivily of the cells. 

Throughout this specification the word "comprise", or variations such as "comprises" or 
"comprising", will be understood to hnply the inclusion of a stated dement integer or 
step, or group of demits, integers or steps^ but not the exdusion of any other dement, 
10 integer or step, or group of dements, integers or steps. 

All publications mentioned in this spedfication are herein incorporated by reference. Any 
discussion of documents, acts, materials, devices, artides or tiie like which has been 
induded in the present spedfication is soldy for the purpose of providing a context for 
the present invention. It is not to be taken as an admission that any or all of these matters 
15 form part of the prior art base or were common general knowledge in the fidd rdevant to • 
the present invention as it existed anywhere before the priority date of each daim of this 
application. 

The features and advantages of the invention will become further apparent from the 
following description of preferred embodiments of the invention. 

20 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows flow cytometric analysis of the levels of surface expressed ICAM-1, CAI^ 
DAF and aj^i on the surface of breast cancer cells. The breast cancer cells were incubated 
with R-phycoerythxin-coi^ugated F(ab02 fragment of goat anti-mouse immunoglobulin in 
the presence or absence of corresponding monodonal antibodies spedfic for these 
25 receptors. The geometric mean of the conjugate sample was subtracted from the 
geometric mean of the enterovirus receptor sample revealing the relative levd of 
expression of the receptor. 

Figure 2 shows lytic infection of breast cancer ceUs by the enteroviruses CAV21, CVB3, 
EVl, EV7 and PVl. Fifty percent endpoint titres were calculated and oncolysis was 
30 considered significant if the TOD 50/ ml endpoint was 10^ or greater. 
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Figure 3 shows flow cytcmetric analysis of the levels of surface expressed ICAM-1^ CAR^ 
DAF and ctSt on the surface of colorectal cancer cells. The colorectal cancer cells were 
incubated with R-phycoerythrin-conjugated F(ab')2 fragment of goat anti-mouse 
immunoglobulin in the presence or absence of corresponding monoclonal antibodies 
5 sped6c for tfiese receptors. The geometric mean of the conjugate sample was subtracted 
from the geometric mean of the enteroviral receptor sample revealing the relative level of 
e?qpression of the receptor. 

Figure 4 shows lytic infection of colorectal cancer cells by the enteroviruses CA.V21, 
CVB3, BVl, EV7 and PVl. Fifty percent endpoint titres were calculated and oncolysis was 
10 considered significant if the TOD so/ml endpoint was 10* or greater* 

Figure 5 shows flow cytometric anal3rsis of the levds of surface expressed lCAM-1, CAI^ 
DAF and ofePi on the surface of the prostate or pancreatic cancer cells. The prostate or 
pancreatic cancer cells were incubated with R-phycoerythrin-coigugated FCaV)! fragment 
of goat anti-mouse immuno^obulin in the presence or absence of corresponding 
15 monoclonal antibodies specific for these receptors. The geometric mean of the corrugate 
sample was subtracted from the geometric mean of the enteroviral receptor sample 
revealing the relative level of expression of the receptra. 

Kguie 6 shows lytic infection of prostate and pancreatic cancer cells by the enteroviruses 
CAV21, CVB3, EVl, EV7 and PVl. Fifty percent endpoint titres were calculated and 
20 oncolysis was considered significant if TCID so/nJ endpoint was 10^ or greater. 

Figure 7 shows flow cytometric analysis of the levels of surface expressed ICAM-1, CAE^ 
DAP and cfePt on the surface of ovarian cancer cells. The ovarian cancer cells were 
incubated with R<-phycoerythrin-conjugated F(ab')2 fragment of goat anti-mouse 
immunoglobulin in the presence or absence of corresponding monoclonal antibodies 
26 specific for diese receptors. The geometric mean of the coigugate sample was subtracted 
from the geometric mean of the enteroviral receptor sample revealing the relative level of 
expression of the receptor. 

Figure 8 shows lytic infection of ovarian cancer cells by the enteroviruses CAV21, CVB3, 
EVl^ EV7 and PVl, Fifty percent endpoint titres were calculated and oncolysis was 
30 considered significant if the TCID so/ml endpoint was 10* or greater. 
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Figui^ 9A shows photomicrographs of ovarian cancer cell monolayers infected for 72 
hows with a ICT^ dilution of EVl, At this viral input multiplidty, all cell lines displayed 
significant levds of oncolysis by EVl (right) excluding the cell line A2780. 

Figure 9B shows photomicrographs of ovarian cancer cell monolayers infected for 72 
5 hours with a 10"^ dilution of EVl. All cell lines displayed significant levels of oncolysis by 
EVl (right) excluding tiie cdl line SKOV-3. 

figure 10 shows lyUc infection of ovarian cancer cells witik EVl . Seven of the ten cell lines 
are considered to be susceptible to oncolysis by EVl. Oncolysis was considered to be 
significant if a viral titre (TClDso/ml) was calculated to be 10* or greater. 

10 Figure 11 shows EVl binding inhibited in the presence of anti-Oap,. Binding of pS]- 

methionine labeled EVl to ovarian cancer cell lines in the presence and absence of eititier 
onii-aSi or anti-DAF MAbs. Levels of pS]-methionine labeled virus bound was 
determined by liquid scintillation coimting on a 1450 Microbeta TOILUX (Wallaq, 
Finland). 

15 Figuxe 12 shows lytic infection of the ovarian cancer all lines OWA-^ and IGROV-1 by 
EVl in the presence or absence of anti-a^i MAb. 72 houis post infection the cells 
preincubated with Ihe anti-c^Pi MAb remained completely protected, Cell survival was 
determined by staining with crystal violet methanol solution. 

Figure 13 shows lytic infection of OWA-42 ovarian cancer cell monolayers by EVl in the 
20 presence or absence of anti-o^Pi MAb. Photomicrographs were taken at 24, 48 and 72 

hours post infection demonstrating the complete protection of the cells from EVl infection 
due to flie monoclonal antibody blockade of the o^pi receptor- 
Figure 14 shows DOV13 ovarian cancer cells were cultured within the ring insert and 
HeLa cells (human fibroblast cells) were cultured in the outer ring. Post infection with 
25 EVl the viable cells were stained with crystal violet methanol solution. EVl specifically 
infected the ovarian cancer cells while the HeLa cells remained healthy. 

Figtue 15 shows flow cytometric analysis of the level of surface expressed cx^^ on the 
melanoma ceU line SkMel28. SkMel28 cells were incubated with R^hycocrythrin- 
conjugated F(ab02 fragment of goat anti-mouse immunoglobulin in die presence or 
30 absence of anU-a^^. The geometric mean of the conjugate sample was subtracted from 
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the geometric mean of tfie sample detenrtming the shift and thus the expression of the 
receptor. Sigiuficant aj^i expression is demonstrated due to the shift in geometric mean. 

Figure 16 shows Binding of [^J-methionine labded EVl to SkMel28 melanoma cells in 
the presence and absence of either anti-o^pi or anti-DAF MAbs. Levels of [^]-<methionine 
5 labeled virus bound was determined by liquid scintillation coimtmg on a 1450 ^ficrobeta 
TRILUX (Wallac, Finland), afix blockade resulted in significant inhibition of EVl binding. 
Results are expressed as the mean of triplicate samples ± standard error. 

Figure 17 shows lytic infection of SkMel28 melanoma cells with EVl, Cell survival was 
determined by crystal violet methanol solution. Significant lysis can be observed. 

10 Figure 18 is a photomicrograph showing treatment of ovarian cancer multi-cell spheroids 
with EVl. 

Figure 19A is a histogram showing change in body weight of SCID-mice administered 
wilh 1.0x10^ OVHS-1 cells via the intraperitoneal (i.p) route 3 weeks prior to injection with 
either phosphate buflfered saline <PBS), UV-inactivated Echovirus EVl or infectious EVl 
15 (10^TCID5o)l'y the i.p. route- 
Figure 19B shows photographs taken 5 weeks post-injection of a normal control SCID- 
mouse compared to mice injected with the OVHS-1 cells and treated with PBS, UV- 
inactivated BVl or BVl. Note the development of peritoneal ascites in tumor bearing 
mice admixiistered PBS or UV-inactivated EVl. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

To deteraune whether a virus is capable of infecting and causing death of cells of a tumor, 
a biopsy may be taken from the tumor and a preparation of cells prepared using 
conventional techniques prior to: (i) confirming virus receptor cell surface expression and 
(ii) challenging the cells with the virus and monitoring the cells for infection and cell 

25 death over a predetermined incubation period, typically about 2 days alfliough this may 
vary depending on the virus used. Expression of CX2P1 may be readily confirmed by flow 
cytometric analysis. A number of viruses may be screened in this way simultaneously 
utilising different aliquof s of the prepared malignant cells, the virus showing the greater 
degree of infectivity and cell death may then be selected for administration to the subject 

30 ft-om whom the biopsy was taken. Similarly, different malignant cell preparations from 
biopsies taken from different sources may be employed in an assay using a specific virus. 
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The biopsies may be taken from different sites of a single individual or from a number of 
individuals. 

A virus used in a method as described herein will desirably cause few or only minor 
clinical symptoms in the recipient Such viruses are readily obtainable from commercial 
sources well known to the skilled addressee and can be screened for their effectiveness in 
the instant methods in the manner described above. Desirably, the virus will normally be 
an echovirus sdected from the group consisting of Bchovirus BVl, Echovirus EV7, 
Echovirua EV8 and Echovirus EV22- Each of these viruses recognise aSt for cell 
infectivity. BVl has for instance been associated with mild upper respiratory illnesses 
and also pleurodynia (Fields B. N, et al 2000; McCracken A. W, et al, 1969). 

The expression of 02^1 is believed to be upregulated on ovarian carcinomas due to the 
prevalent collagen I matxlx it encounters in the mesoihelial. Numerous malignant 
melaxiomas have also been shown to express upregulated levels of OaP, (BCramer R. H. 
and Marks N, 1989; Ramos D. M. et al, 1990). EVl and coUagen attach to otP, using 
different residues in domain I of the <xSi subunit (Bergelson J. 11, 1993). The itegrin aj^ 
cannot simtiltaneously accommodate EVl and coUagen. However, the virus binds a^i 
with a 10-fold increase in aflBnity compared to collagen I (Xing L, 2002). 

For the purpose of screening a given virus to ascertain whether it is capable of infecting 
and causing the death of malignant cells, malignant cell lines may be used rather than 
primary malignant cells isolated from a biopsy. 

The selected virus will preferably be irijected directly into a number of sites on a 
malignant tumor in order to maximise the area for potential infection of tfie tumor by the 
virus. Rattier than intact virus, viral or other plasmids or expression vectors 
incorporating nudeic add for generation of the virus may be ii^ected into the tumor for 
uptake by tumor cells and generation of intact virus within the cells for effecting the 
treatment Suitable expression vectors include plasmids capable of expression of a DNA 
(eg genomic DNA or cDNA) insert encoding viral proteins necessary for generation of the 
virus. An expression vector will typically indude transcripticwial regulatory control 
sequences to which the inserted nudeic add is operably linked. By "operably linked" is 
meant the nudeic add insert is linked to tiie transcriptional regulatory control sequences 
for permitting traiwcription of the inserted sequence(s) without a shift in tiie reading 
frame of the insert Sudi transcriptional regulatory control sequences indude promotions 
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fof f adUtatmg binding of RNA polymerase to initiate transoiptioiv and expression 
control elements f br tsnabling binding of ribosomes to transcribed mRNA. 

More particularly, the term "regulatoiy control sequence" as used herein is to be taken to 
encompass any DNA tiiat 1$ involved in driving transoiption and controlling (ie 
5 regulating) the level of branscriplian of a given DNA sequence. For example, a 5" 

regulatory omtrol sequence is a DNA sequence located upstream of a coding sequence 
and which may comprise ihe piomotor and the 5' untranslated leader sequence. A 3' 
regulatory control sequence is a DNA sequence located downstream of Hie coding 
sequenceCs), which may comprise suitable transcription terminated (and/or) regulation 

10 signals^ induding one or more polyadenylation signals. As used herein, the term 

"promotor" oicompasses any DNA sequence whidh is recognised and bound (directly or 
indirectiy) by a DNA-dependant SNA polymerase during initiation of transcription. A 
promoter indudes the transcription initiation site, and binding sites for tanscription 
ixdriatiim factors and RNA polymerase, and can comprise various other sites or sequences 

15 (eg enhances), to which gene expression regulatory proteins may bind. 

Numerous expression vectors suitable for transfection of mammalian cells are known in 
the art Expression vectors suitable for txansfeclion of mammaliam cells indude pSV2neo, 
pEF-PGkpuro, pTk2 and non-replicating adenoviral ahutfle vectors incorporating the 
polyadenlaiion site and elongation factor 1-x promotor and pAdEasy based expression 
20 vectors most preferably incorporating a cytomegaloviros (CMV) prcnnotor (eg see He 
et al, 1998). The plasmid pEFBOS which employs tiie polypeptide elongation feictor ^ 
alpha 2 as the promotor may also be utilised. 

d5NA encoding (he viral proteins necessary for generation of the virus may be prepared 
by reverse transcrilnng the viral RNA genome or fragments thereof and incorporated into 
25 a suitable vector utilising recombinant tedudquee well known in the act as described in 
for example Sambrook et al (1989), Molecular Qoning: A Laboratory Manual, Second Ed., 
Cold Spring Harbour Laboratory Press, New York, and Ausubel et al., (1994), Current 
Pirotocols in Molecular Biology, USA, VoL 1 and 2. 

Rather than cDNA, cells may be transfecbed with viral RNA extracted from purified 
30 virions or for instance RNA transcripts may be generated in vHmftom xDNA templates 
utilising bacteriophage T7 RNA polymerase as described in Ansardi, D.C, et al 2001. 
Similarly, a single plasmid or RNA molecule may be administered for expression of viral 
proteins and generation of virus, or a plurality of plasmids or RNA molecules encoding 
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different ones of the viral proteins may be administered for transfecting the cells and 
generation of the virus. 

Plasmids or RNA may be administered directty to tumors either topically or by injection 
for uptake by the tumor ceUs in the absence of a carrier vehicle for fadliating transf ection 
5 of the cells or in combination with such a vehicle. Suitable carrier vehides indude 

liposomes tsrpically provided as an oil-in-water emulsion conventionally known in the art. 
Liposomes will typically comprise a combination of lipids/ particularly phospholipids 
such as high phase transition temperature phospholipids usually with one or more 
steroids or steroid precursors such as cholesterol for providing membrane stability to the 
10 liposomes- Examples of lipids useful for providing liposomes indude phosphatidyl 
compounds sudi as phosphatidylglycerol^ phosphatidylcholine^^ phosphatidylserine/ 
sphingolipidS/ phosphatidylethanolamine/ cerebrosides and gangliosides. l^iacyl 
phosphatidyl^ycerols are particularly suitable^ where the lipid moiely contains from 14 
to 18 carbon atoms and more preferably from 16 to 18 carbon atoms, and is saturated. 

IS Interaction of the liposomes with the target cells may be passive or active. Active 
targeting involves modification of the liposome by incorporating in the Hposome 
membrane a specific ligand whidi binds or otherwise interacts with the corresponding 
ligand expressed by the target cells. Such ligands indude for example a monodonal 
antibody or binding fragment ihereof (eg» an Fab or F(ab*)2) fragment a sugar or 

20 glycolipid moety, or a viral protein viral proteins or monodonal antibodies spedfic for 
Os^v are particularly preferred. 

Noraially, tissue surrounding the tumor will also be injected or otherwise treated wilh the 
virus given the possibility of malignant cells being present in the tissue. If the tumor is 
not detected until it is relativity advanced/ suirounding tissue may be injected with the 
25 virus following surgical exdsion of tiie tumor itself. 

Rather than being injected directly into a malignant tumor, the inoculant may be 
administered systemically by intravenous irqection into tiie blood stream of the redpient 
at a location adjacent to the tumor site for delivery to the tvimor. Similarly, the inoculant 
may be admiiustered subcutaneously^ intraperitoneally or for instance, intramuscularly if 
30 deemed appropriate* Generally, however, when intact virxxs is administered, direct 
injection into the tumor is preferred given the possibility of tiie existence of antibodies 
specific for the virus and thereby the potential decreased efficacy of alternate modes of 
virus delivery. 
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Thfi inoculant may also be applied topicaUy to tumors eiiher alone or in combination with 
direct ii^ection of the inoculant into the tumor. Topical treatment of the tumor may be 
achieved by dropwise application of a pharmaceutical composition comprising the 
inoculant and a suitable pharmaceutically acceptable carrier for maintaining the integrity 
of the inoculant for infection of the malignant cells or by swabbing the tumor with an 
appUcator impregnated with such a composition. The applicator may comprise a wad or 
pad of suitable material that has been dipped in the composition. Iti the case of treatment 
of melanoma on the skin, the inoculant may be appUed by way of an applicator 
impregnated wiih the inoculant and which is adapted for being held against the 
malignant site to be treated such that the inoculant is in contact wiih the skin. In this 
instancy the applicator may comprise a patch, wad or the like impregnated with the 
inoculant and which is further provided with- an adhesive surface or surfaces sudh as in 
the case of a sticking plaster, for adhering to the skin surrounding the melanoma and 
thereby hold the inoculant in contact with the melanoma. Typically, intact virus will be 
15 administered to the mammal to effect treatment 

GeneraDy, one or more smaU indsions will be made into the maUgnamy and/or 
surrounding tissue to provide a site of entry for the virus into same. 

In the case of ovarian cancer, or cancer in the vicinity of an ovary, the echovinxs may be 
deUvered directly to the ovaiy or affected site using a catheter or other suitable 
20 application instrument via insertion of the catheter or selected instrument along the 
corresponding fallopian tube. 

The phaimaceuticaUy acceptable carrier used for inoculating the recipient with virus 
and/ or nucleic add or plasmids comprising viral nudeic add for generation of the virus 
wiHun the target cells may be a fluid such as physiological saline, or any oth^ 
25 conventionally known physiologicaUy acceptable medium deemed appropriate such as 
eommerdaUy available gels suitable for pharmaceutical use and for administering the 
inoculant to the site of treatment The carrier will typicaDy be buffered to physiological 
pH and may contain suitable preservatives and/or antibiotics. 

The inoculant will generaUy contain from about 1 x 10* to about 1 x 10" plaque forming 
30 units per ml of the inoculant Pireferably, the inoculant wiU contain greater than about 1 x 
10^ plaque forming units per ml of inoculant The amount of inoculant administered to 
the patient may be readily determined by the attending physidan or surgeon in 
accordance with accepted medical practice taking into account the general condition of 
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the patient^ iiie stage and location of the malignanqr together with the overall size and 
distribution of the area to be treated with the virus- Typically^ the patient will be treated 
with an initial dose of the vims and subsequently monitored for a suitable period of time 
before a decision is made to administer further virus to the patient pending factors such 
5 as the response of the patient to the initial administration of the virus and the degree of 
viral infection and malignant cell death resulting from ttie initial treatment. 

Desirably, an individtud will be treated with tiie virus over a period of time at 
predetermined intervals. The intervals may be daily or range from 24 hours up to 72 
hours or more as determined appropriate in each drcumstance, A diff«:ent virus may be 

10 administered each time to avoid or minimise the e^ct of any immtme response to a 
previously administered virus, and a course of treatment may extend for one to two 
weeks or more as may be determined by the attending physician. Most preferably, virus 
to which tihe mammal has not previously been exposed or to which the mammal 
generates a relatively minor immune response as maybe detemuned by standard 

15 techniques will be administered* 

While readily available known echoviruses may be suitably employed in a method of the 
inventiorv a virus modified or engineered using conventional techiuquea may also be 
utilised. For instance, a virus may be modified to employ additional cdl adhesion 
molecules as cell receptors. As an example, a virus maybe modified using site-directed 
20 mutagenesis so that the peptide motif ''RGD*' is expressed on the viral capsid surface. The 
RGD motif is recognised by oc^integrin heterodimers and this capsid modification may for 
instance allow the virus to bind the integrin aSu ^ cell adhesion molecule which has been 
shown to be upregulated on melanoma lesions (Natalia P-G; 1997) as has 0C2P1/ potentially 
leading to enhanced uptake of the vims by the target cell. 

25 In order that the nature of the present invention may be more dearly imderstood, 
preferred forms thereof will now be described witii reference to the following non- 
limiting examples. 

EXAMFtEl: Materials and methods 
1,1, Cell lines 

30 IGROV-1, A2780, DU145, PC3, AsPC-1, PANC-l, MDA-MB361, MDA-MB4S3, 

MDA-MB231, and MCF-7 cancer cell lines were obtained firom the Garvan Institute, 
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Sydney, New South Wales, Australia. 61-20, MDA-MB157, SK-BR-3, ZR-75-1, HCTlie, 
LIM2S37, SW480. SW620, 2008, JAM, OVCA-429, OVCAR-3, OVHS-1, OWA-42, SKOV-3, 
and DOV13 cancer cell lines were obtained from Peter MacCuUum Cancer Institute, 
Melbourne, Victoria, Australia. SkMel28 Cells were obtained from Dr Ralph, Department 
5 of Biochemistry and Molecular Biology, Monash University, Victoria, Australia. HeLa 
cells were obtained from Margery Kennett, Entero-respiratory Laboratory, Fairfield 
Hospital, Melbourne, Victoria, Australia. All cells were cultured undffl standard 
conditions (37^C in a 5% COj atmosphere) in RPMI containing 2-5% Fetal Calf Serum 
(PCS) and antibiotics excluding BT-20 cells which were cultured in o-MBM media, and 
10 SkMel28 and HeLa cells which were cultured in DMEM media. All cells used were 

routinely checked for presence of mycoplasma by ELBA (Roche Molecular Systems, CA, 
USA). 

1.2. Viruses 

Coxsaddevirus A21 (CAV21) prototype straiiv KuykendaU; Coxsackievirus B3 (CVB3) 
15 prototype strain, Nancy; Echoviru8(EVl)proto^rpesfraiivFarouk;Ed^ 

prototype strairv Wallace; and Poliovirus 1 (PVl) pnitcytype strain, Mahoney; were 
obtained from Dr Margery Kenneth Enterorespiratory Laborabory, Fairfield Hospital, 
Melbourne Victoria, Australia. All viruses were propagated and titrated in HeLa cells. 

1 .3 Monoclonal Antibodies (MAbs) 

20 The anti-DAF MAb VIIIA7, which recognizes the third SCR of DAF, was obtained from 
Dr T. Mnoshit^ Osaka University, Osaka, Japan and the anti-DAF mAb IH4 was a gift 
from Dr Bruce Loveland, Austin Research Institute, Heidelberg; Victoria, Australia. The 
anti-CARMAbRmcB was obtained from Dr. J. M. Bergelsoiv Dana Farber Cancer 
Institute, Boston, Massachusetts. The anti-p2-microglobulin MAb 918 was obtained from 

25 Eh-. P. mnor, NIBSQ Hertfordshire, England. The anti-o^ MAb AK7, i«cogni2diig the 
subunit and the confrol antibody anti-GPIV (platelet membrane glycoprotein) MAb PTA- 
1 were obtained from Professor Gordon Bums, Department of Medical Biochonistry and 
Cancer Research, University of Newcastle, NSW, Australia. The anti-ICAM-1 MAb IH4 
was obtained from Dr Andrew Boyd from the Queensland Institute for Medical Research, 

30 Queensland, Australia. 

1.4. Flow Cytometric Analysis 
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Bnteroviral receptor surface ejcpresaion on cancer cella was analysed by flow cytometry. 
Dispersed cells (1 x 10*) were incubated for 20 minutes on ice with the appropriate MAb 
(5Ms/ml diluted in PBS) for 20 minutes. CeUs were washed with PBS and peDeted by 
centtifugation before resuspension in lOOul of 1:50 dilution of R-phycoerythiin- 
5 conjugated F(ab'), fragment of goat anti-mouse immunoglobulin (Dako, A/S, Denmark). 
CeUs were again incubated on ice for 20 minutes, washed, pelleted and z^suspended in 
PBS prior to flow cytometric analysis. Cell surface wceptor expression was analysed using 
a FACStar Analyser (Becton Dickenson, Sydney, Australia). 

1-5. Virus Infedivity Assay 

10 Confluent monolayers of cancer cell lines were inoculated witii lO-fold serial dilutions 
<100//1/ well in tripUcate or quadmpUcate) of CAV21, CVB3, EVl, EV7 or PVlin DMEM 
containing 1% fetal calf serum (PCS) and incubated at SZ'C in a 5% COi environment for 
72 hours. To determine cdl survival, plates were incubated with lOOjd/well of crystal 
violet methanol solution (0-1% crystal violet^ 20% meflianol, 20% formaldehyde, 

15 phosphate buffered saline (PBS)) for 24 home and washed in distilled water. 

The endpoint of a limiting dilution assay is the dilution of virus that affects 50% of test 
units. Statistical procedures were employed to calculate the endpoint tising the Reed and 
Muench meliiod (Reference). Endpoints were expressed as the 50% tissue culture 
infectious dose per millilitre (TODso/ml). 

20 Where cell monolayer pre-treatment with anti-receptor monodonal antibodies was 

requirB4, cells were incubated with 100^ of anti-o^^fi, AKTMAb (20Mg/ml diluted in PBS) 
for 1 hour at 37"C. Cell monolayers were then inoculated in duplicate samples of 
appropriate viral dilution and incubated at 37»C in 5% Cp, environment for 72 hours 
bef<»re staining as described above. 

25 Photomicrographs were taken at 24 48 or 72 houra at lOOX magnification (Olympus IX- 
FLA) using an inverted microscope. 

1.6. Virus Purification 

Six-weU tissue culture plates containing confluent monolayers of DOV13 ceUs were 
inoculated with 500^1 EVl (multiplidty of infection [moi] - 10» TOD a,/ml) for 1 hour at 
30 az-'C. Unbound virus was removed by washing three times with methionine/ cysteine free 
DMEM aCN Biomedical, Ohio, USA) and ceU monolayers were incubated in 1.3ml of this 



06/15/2005 WED 01:16 [TX/RX NO 6474] i|028 



15. JUN. 2005 18:29 SPRUSON AND FERGUSON 61292615486 



NO. 2167 P. 29 



WO 2004/0S4<13 PCT/AU2003/001688 

21. 

media for a further 2 hours at 37«'C before addition of SOOfia of [^]-methioniiie trans- 
label (ICN Biomedical, Ohio, USA). Infected monolayers were incubated overnight at 
37°C in a 5% CQz environment. Following three freeze/thaw cydes viral lysates were 
purified in a 5-30% aucrose gradient by velocity centrifugation for 95 minutes at 36, 000 
5 rpm in a Beckman XL-90 ulbracentrifuge (SW41ti Rotor). Fractions were collected ftom the 
bothjm of each tube and monitored by liquid sdntiUation counting (Wallac 1450' 
Microbeta TRILUX Finland) to locate 160S viral peak fraction used in viral binding 
assays. 

Noxv-radiolabeUed EVl virions were purified in parallel gradients with peak infectious 
10 firactions pooled and dialysed against phosphate buffered saline OPBS). Ultraviolet (UV) 
light-inactivated EVl was produced by exposing 1.0ml of purified EVl in PBS/ well (5 
10^ TOD so) in a 6-well plate to a 15 watt UV light for 30 seconds. Viral inactivatlon 
assessed by microtiter plate lytic infectivity cdl assays. 



X 

was 



1.7. Radiolabeled Virus Bindii\g Assay 

15 Approximately 1 x 10* cells resuspended in 800^1 of RPMI containing 1% bovine serum 
albumin (BSA) were incubated in the piesence of 20ng/nd of MAb (antt-o^pi or anti-DAF 
diluted in PBS) for 1 hour at 4'C followed by the addition of SOOmI (1 x 10*) of PS]- 
methionine labeled 160S EVl. After incubation at 4«C for 2 hours cells were washed four 
times with serum free media and cell pellets dissolved in 200^1 0,2M NaOH-l%SE)S 

20 before the level at f%]-methionine labeled virus bound was determined by liquid 

sdntmation counting from triplicate samples. (WaBac 1450 Microbeta TRILUX. Finland). 
Results were expressed as means ± SE. 

1.10. Sodium Dodecyl Sulfate - Polyaoylamide Gel Electrophoresis (SDS-PACT) 

I^]-metiilonine labeled viral fractions were analysed by polyaciylamide gel 
25 electrophore^ (PAGE) and visualised by autoradiography. [^)-methionine labeled 160S 
EVl fractions were incubated with sample reducing buffer (250mM TRIS, 0.2g w/ v SDS, 
20% v/v glycerol, 10% v/v 2-mercaptoe1iianol and 0.01% w/v bromophenol blue, pH 6.8) 
for 10 minutes at SS'C denaturing the virion. Denatured 160S vial peak fractions were 
then separated on a 15% Tris-HO precast gel (BIORAD Ready-Gel, CA, USA) in 
30 conjunction with a Benchmark prestained midrange protein ladder (GIBCO, USA) at 180V 
for 45 minutes. Visualisation of the major structural proteins and analysis of viral purily 
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was by autoradiography on Hyperfilm MP (Aixiereham International, England) after 96 
hour exposure, 

1.11 CeUCytotoxidty Assay 

Cell suspensions of human peripheral blood lymphoqrtes^ OVHJ^l and DOV-13 cells were 
5 chaUenged with EVl (moi^l.O TODSO /ceU) and incubated for24h at 37^C Levels of ceU 
tytolysis were calculated as a function of release of LDH (a stable cytosolic enzyme that is 
released upon ceU lysis), assessed by using a Cyto-Tox 96 Idt tt»romega Corp. Maddison, WL 
USA ) as per the manufactures instructions. 

1.12 Culture of Spheroids and Spheroid Infectivity Assay 

10 DOV-13 cells were seeded in a 24-welI plate at SOO or 5000 cells per well in 1ml of REMI 1640 
containing 5% PCS onto a semi-solid 0.5% agarose layer. Cells were incubated for 48 h at 37(C 
in a 5% C02 atmosphere to allow spheroids to form^ before the addition of EVl (10* TCIPsp) 

1.13 Intraperitoneal Tumour Xenograft Model in SCID Mice 

Six to eight week old male BALB/c SOD mice were housed in pafliogen-free conditions 
15 according to a protocol approved by tiie University of Newcastle Animal Care and Ethics 
Committee. OVHS-1 cells were harvested with 0.05% tiypsiiv rei^uspended in RPMI 
containing 10% PCS and peHeted by centrifugation. Cells were washed and resuspended in 
PBS before mice were injected intraperitoneally (i.p.) with 1 x 10* cella in 200fiL Fourteen days 
later, the mice were divided into three groups (n=«5) and treated i.p. with phosphate buffered 
20 saline (PBS), or 10' TCID50 of either UV-inadivated EVl or infectious BVl. The animals were 
weighed on a weekly basis and were sacrificed when tumours exceeded 20% of their body 
weight The weights of the treated mice were compared to healthy BALB/c SCID mice bearing 
no tumours. 

1-14 Determination of viremia by real-time PCR 

25 Sera from infected mice were analyzed for viremia using real-time quantitative RT-PCR, 
Briefly, viral KNA was extracted frcwn lOjil of serum using a <2IAamp Viral RNA mini kit 
(Qiagen, Clifton Hill Victoria. Australia) and eluted in a final volume of 40m1 according to 
manufacturer* s iixetructtons. Primers and probe for determination of EVl viral RNA levels 
were designed using the Primer Express™ 1.5 software (Applied Biosystems, Foster Qty, 

30 CA, USA) and were based on the previously pubKshed EVl sequence (Genbaiik accession 
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number AF029859); forward primer (5'<:aAGACAGGGACCAAAGAGGAT-3'), revewe 
primer (5'-CCACrCGCCrGGlTGTAATCA-3') and 6-PAM-labeled MGB-probe (5'- 
CCAATAGCITCAACAA1T-3'). One-step RT-PCR was performed using Platinum® 
Quantitative RT-PCR ThennoScript™ One-Step System cai an ABI 7000 sequence detector. 
5 For generation of the standard curve, lO-fbld dilutions of EVl viral stock (1x10* 
TCIDso/ml) was amplified with optimized concentration of primers and piobe. In a 
volume of 25 Ml, the reaction mixture comprised: Ix llietmoScript™reaclion nax, 500 nM 
forward, 900 nM reverse primer, 250 nM prober 500 nM RO?C 0.5 |4 ThennoScripPM 
Plus/Platinum Taq Mix and 5 extracted RNA. Theimal cycling conditions were 
subjected to 30 min at 60*C, followed by 5 min at 95°C and then 40 cycles of 15 s at 95^ 
and 1 min at 60°C 
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EXAMPLE 2: Viral mediated oncolysis of cancer cell lines 

2.1 Expression of Enterovirus Receptors on Ihe Surfece of Breast Cancer Cells 

To determine the relative expression levds of selected enteroviral cell surface recqrtors 
15 used by enteroviruses flow cytcanetric analysis was performed. The selected group of 
receptors consisted of ICAM-1 employed CAV21; DAF employed by EV7, CAV21, 
CVB3; CAR used by CVB3; and integiin <^Pi used by EVl. Due to the unavailability of 
Mab against the PVR receptor, no expression levels of PVR were determined. 

Nine breast cancer cell lines were analysed including BT-29, MCP-7, MDA-MB157, MDA- 
20 MB231, MDA-MB361, MDA-MB4S3, SK-BR-3, T47-D and ZR-75-1. The ceU lines were 
incubated with either anti-ICAM-1 Qm), anti-CAR (RmcB), anti-DAF (VIIIA7) or anti- 
ct2Px(AK7). 

ICAM-1 expression was significant in sbc of the nine lines while DAP appeared to be 
expressed at relatively low levels in all the ceU lines. Moderate levels of CAR expression 
25 were evident on seven of the nine lines, whfle miniznal levels of <%pj expression were 
present on the surface of eight of the breast cancer lines (Hgure 1). 

2^. Oncolysis of Breast Cancer Cells by Selected Enteroviruses 

Lytic infectlvity assays were performed on all nine of the breast cancer ceU lines to 
detennine their susceptibility to a select group of enteroviruses, CAV21, CVB3, EVl, EV7 
30 and PVl (Figure 2). A cell line was considered to be highly susceptible to oncolysis if the 
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tissue culture mfectiotis dose at a fifty percent endpoint per millilitre (TCIDso/ml) was 
calculated to be 10^ or greater. CAV21 and CVB3 induced significant lysis in six of die 
nine breast cancer cell lines. In general breast cancer cells were not susceptible to lytic 
infection by the echoviruses EVl and BV7 excluding one cell line T47-D which 
5 demonstrated considerate susceptibility to EVl, PVl cavised substantial oncolysis in eight 
of die nine breast cancer cell lines (Hgure 2). 

2.3. Expression of Bnterovirus Receptor on the Surface of Colorectal Cancer Cells 

Pour colorectal cancer cell lines (HCril6, LIM2537^ SW480 and SW620) were analysed for 
expression of ICAM-1, CAR aSi and DAP by flow cytometry. Significant levels of ICAM- 
10 1 and DAF expression were observed on two of the cell lines. Moderate levels of CAR 

appeared to be expressed on all fouir lines^ while significant levels of o^i repression were 
not observed (Figure 3), 

2.4. Oncolysis of Colorectal Cancer Cells by Selected Enteroviruses 

CAV2 J, CVB3, BVl, BV7 and PVl were titrated in all four colorectal cancer cell lines. 
15 Significant levels of oncolysis by CVB3 and PVl were observed in all of ihe cell lines 
(Figure 4). However^ significant cell ly^ induced by CAV21 occurred in only one of the 
four cell lines (LIM2573). This cell line exhibited the highest level of ICAM-1 expression. 
Despite very low expression levels of CLfi^ EVl l3dically infected three of the cell lines 
while all cells were refractile to EV7 infection. 

20 2.5. Expression of Enterovirus Receptors on fee Surfeoe of Prostate and Pancreatic 
Cancer Cells 

Prostatic cancer cell lines including DU145 and PCS, and pancreatic cancer cell lines 
including AsPC-1 and PANC-ly were analysed for expression of ICAM-1, DAP, CAR and 
OsPt. Significant levels of ICAM-1 was expressed on both of the prostatic cell lines and on 
25 one of Ihe pancreatic lines. Moderate CAR and DAF expression was found on all four of 
the cell lines while a^i expression appeared to be minimal (Figure 5). 

2.6 Oncolysis of Prostate and Pancreatic Cancer Cells 

The susceptibility of two prostate cancer cell lines and two pancreatic cancer cell lines to 
enteroviruses CAV21, CVB3, EVl, BV7 and PVl was examined in microtitre plate lytic 
30 infections. The prostatic cancer cell lines were susceptible to all the viruses excluding EV7 
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in the case of DU145. PANC-l was only infected by CAV21 and PVl, whereas the other 
pancreatic cancer cell line AaPC-1 exhibited oncolysis by all viruses excluding EV7 
(Figure 6). 

2.7 Bxpression of Bnterovirus Receptors on the Surface of Ovaiian Cancer Cells 

5 Ovarian cancer cell lines were examined for expression of enterovirus receptors ICAM-1, 
CAR, DAF and aSv Nine cell lines were included in this study^ A2780y DOV13, IGROV-1, 
JAM, OVCA-429, OVHS-1, OWA-42, SKOV-3 and 2008. Significant levels of ICAM-1 were 
sxpieaeed on two of the nine cell lines while moderate levels of CAR expression were 
present on six of the nine. DAP was expressed at high to moderate levels on all but one of 
10 the ovarian cancer ceU lines. Eight of the nine ovarian cancer cell lines exhibited moderate 
to high level expression of oaP, (Figure 7), with an additional ovarian cancer cell line 
(OVCAR-3) expressing significant levels of a^i (data not shown). 

2.8 Oncolysis of Ovaiian Cancer CeiQ Lines 

The oncolytic capacity of CAV21, CVB3, EVl, EV7 and PVl was assessed in each of the 
IS nine ovarian cancer cell lines (Figure 8). CAV21 susceptibilitjr was discovered on two of 
the nine cell lines whUe CVB3 caused significant lysis in seven of the nine lines. Ovarian 
cancers seemed particularly susceptible to echovirusea with EW.causing death in four of 
the nine cancer cell lines and BVl causing seven of the ten cell lines to lyse significantly 
upon infection (Figure 9A, 9B and 10). Vulnerability to PVl was revealed across all nine 
20 ovarian cancer cdl lines. Photomicrographs were taken of all ten lines infected with EVl 
(Figures 9A and 9B) and a miocotitre plats lytic infection of the ten ovarian cancer cdl 
lines v^rith EVl was also observed (Figure 10). 

2.9 Binding of EVl to Ovarian Cancer CeU Lines 

As ovarian cancer cell lines were highly susceptible to (mcolj^s by EVl further 
investigations to evaluate the nature of BVl cell attachment were undertaken. Cells w^e 
premcubated with either anti-a,Pi (AK7) or anti-DAF (VniAT) monodonal antibodies 
before radiolabeled EVl was added in deteimine the involvement of these receptors in 
EVl host cell binding. Binding of EVl was apparent on all ten of the cell lines tested. By 
blocking the ct^ integrin with anti-receptor antibody cellular attachment of EVl was 
signiflcantiy inhibited. Blocking of the cell surface receptor DAF with the monodonal 
antibody VniA7 caused no significant inhibition of EVl binding (Figure 11). 
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2.10 Antibody Blockade of o^x Ihtegrin Inhibits EVl Infection of Ovarian Cancer CeU 
Lines 

Tn order to assess the function of ctjpj in BVl infection, a lytic assay was performed where 
the ceU monolayer was preiixcubated with anti-ot^i (AK7) monoclonal antibody. OWA-42 
5 and IGROV-1 ovarian cancer ceU lines were analysed. After 72 hours post virus infection 
the odi monolayers in the absence of MAb blockade were highly susceptible to EVl lytic 
infection. Following MAb blockade of the ctjPi integiin there was no indication of 
oncolysis in the cell lines even at the lowest dilution of BVl (Kgure 12). 
Photomicrographs were taken at 24, 48 and 72 hours post infection of the OWA-42 ceU 
10 line (Kgure 13). 

2.11 Nonrcancerous Human Cells Not Susceptible to EVl Infection 

An experiment was performed to examine the effect that EVl has on non-cancerous 
human cells, determined by infecting human fibroblasts with EVl. Briefly, d-weU tissue 
culture plates were prepared with a tissue culture ring insert, DOV13 cells within the ring 

15 and HeLa cells, human fibroblasts (obtained from CSL, Australia), in the outer ring 

incubated at 37*^ untU confluent monolayers were formed. The ring was removed and 
ceUs were infected with EVl overnight at 37°C. Viable cells were stained with crystal 
violet meflianol solution. Upon infection with EVl the DOV13 ovarian cancer cells were 
lysed whereas the HeLa cells remained healthy (Figure 14) demonstrating the specific 

20 susceptibility of the ovarian cancer cells to EVl. 

2.12 Eqwession of OaP, on Melanoma Cdl line SkMeI28 

Melanomas, cancer of the skin, are known to up regulate oi^ expression. The melanoma 
ceU line SkMel28 was examined for expression using flow cytometry. High levels of Ojpi 
expression were observed. However, a low background level of binding was exhibited by 
25 the control MAb (Figure 15). 

2.13 Binding of EVl to SkMeI28 

To further investigate the nature of BVl attachment to surface ejcpressed ajp, on SkMeI28 
cells, radiolabeled virus binding assays were undertaken. The radiolabeled EVl bound 

significantly to the mafignantmelanomacelUine with MAb blockade of Ojft severely ' 
30 depleting the amount of BVl bound (Figure 16). 
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2.14 Infectivity Assay of SkMdZS with EVl 

A lytic infectivity assay was performed to determine the susceptibility of SkMel28 to £Vl 
irttectioxi. The malignant melanoma cell line displayed moderate oncolysis upon infection 
with BVl, The crystal violet stain was absorbed by cells not undergoing lytic infection 
5 where as the nozv-stained wells represent complete lysis of cell monolayers (Figure 17). 

2.15 Discussion 

Ovarian cancer cell lines were found to be highly susceptible to lytic infections by BVl 
with seven of the ten cell lines tested showing significant oncolysis. Further studies into 
tiie binding of EVl to the ovarian cancer cell lines confirmed that <x3x is the primary 

10 receptor used by EVl . The radiolabeled binding studies further indicated Ogpi was 
required for virus binding and tihe.MAb blocking assay revealed that by pre-treating 
susceptible ovarian cancer cells with an aSi monodonal antibody (Mab), EVl infection 
was completely inhibited. The DAF MAb VniA7 was also used in the binding assay as a 
negative control treatment to determine if DAP played a, role in EVl binding as it does 

15 with the enteroviruses CAV21 and CVB3. No significant blockage of EVl binding 
occurred with anti^-DAP MAb pre-treatment. 

Co-cultuiing ovarian cancer cells with human fibroblasts followed by EVl infection 
revealed that human fibroblast cells were not susceptible to FVl infection even in an 
environment where the virus specifically lysed the ovarian cancer cells. 

20 The effect of EVl mediated oncolysis on a melanoma cell Une was also investigated. The 
data revealed that a^i was up regulated on the surface of the SkMel28 melanoma cell line 
and that these cells were susceptible to EVl lytic infection- The binding of EVl to the 
ovarian cancer cells was shown to be via Ospi interactions as shown by the radiolabeled 
binding assay. The remaining cancer cell lines that were permissive for EVl infection 

25 were colon cancer cell lines with three of the four cell lines highly susceptible as well as 
both prostate cancer cell lines. Both these cancer types may encounter the same 
extracellular matrix as ovarian cancer cells and hence, upregulate their aSi expression 
during metastasis through extracellular matrix rich in collagen I found on peritoneal 
surfaces. 

30 It will be appreciated by persons skilled in tihe art that numerous variations and/or 
modifications may be made to the invention as shown in the specific embodiments 
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Without departing from the spirit or scope of the invention as broadly described. The 
present embodiments are, therefore, to be considered in all respects as illustrative and not 
restrictive. 

EXAMPLE 3: Spedfidty of ecbovixus (EV2) lytic infection 

5 3.1 Relative palhogenidty of EVl 

The relative paftiogenidty of EVl on in wtocultures of non-malignant ovarian cells compared 
to neoplastic cells was investigated. Nomnal human ovarian surface epithelial (HOSE) cells 
immortalised using human papiUomavirus 16 B6-E7 open reading frames (Tsao, S.W. et al., 
1995), together with a dear cdl ovarian carcinoma Hne (OVHS-1) and undifferentiated ovarian 
10 carcinoma oeDs (DOV13) were challenged with input m\dtipUdties of EVl ranging from moi 
5.0 to 0.05 TCaDso/ cell. At 48 h post-infection microscopic examinatian revealed gross cell 
destruction and <7tolysis in monolayers of bofli ovarian carcinoma lines, even at a viral 
chaUenge of as low as 0.05 TCID50 of EVl per cdl. In contrast no detectable changes in the ceU 
morphology of fite H06E cells were observed even at the highest viral chaUenge dose. 

15 In a further effort to the determine the spedfidty of the EVl infectiort normal peripheral 
blood lymphocytes (PBLs) as weU as OVHS-1 and I30V13 cells were dtallenged with EVl • 
(moi=1.0). Plow cytometric analysis revealed ti«it PBL cell preparation esqiressed littte to 
no surface a2fH, while botii ovarian cancer cell lines ejcpressed high levels of oe231. EVl- 
mediated csrtolysis of suspensions of PBLs and ovarian cancer cells was assessed by using 

20 a standard cell cytotoxidty assay measuring the release of LDH, EVl challenge resulted in 
almost complete cell cytolysis of the ovarian cultures by BVl infectioiv while only 
bad^ound levels of cytolysis were observed in the PBLs following exposure to the same 
input dose of EVl. 

To determine whether EVl initiated a productive infection in PBLs in the absence of 
25 detectable ceU lysis and to confirm that the background level of cytolysis was non-spedflc 
and not mediated by BVl infection, suspension of PBLs and two ovarian carcinoma lines 
were inoculated with EVl (moi«1.0) and monitored for the production of progeny virus. 
In both ovarian cancer cell lines (OVHS-1 and DOV-13) EVl titere increased by 
approximatdy W-£cAd over the initial cdl bound inoculum. In contrast no progeny 
30 virus was produced by the PBLs over the 48 h incubation period with the observed 
infectivity consisting non-spedfically bound residual input inoculum. 
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SXAMPLE4: Echovircis (EVl) lysis of ovaxian cancer cells 

4.1 BVl lysis of in vitro cultured ovarian cancer ceil spheroids 

Maiiy in vitro cultures of ovarian cancer ceUs can be propagated as muItL-dimeitsional 
spheriods (Casey, R.C et al., 2001). Multi-cell spheriods simulate the multicellular 
5 aggregates commonly found in the ascitic fluid of patients with advanced stage ovarian 
carcinoma. Having established that monolayer cultures of ovarian are highly susceptible 
to lytic infection by EVl/ multi-ovarian cancer cell spheriods were challenged witii EVl. 
Flow cytometric analysis determined that the surface expression levels of EVl c^ular 
receptor, 0201 were comparable, whether OVHS-1 cells were grown in monolayer or 

10 spheriod formation. EVl (lO^QDai) was administered to die semi-solid agarose media 
siirrounding the spheriods with photomicroscopic images of the spheroid morphology 
obtained at various intervals post-viral challenge. Figure 18 shows that the control non- 
infected spheroids were actively proUferatingr resulting in steadily increases in volume 
throughout the 9 day incubation period. In contrast^ EVl infected spheroids exhibited 

15 slight decreases in volume during the first 7 days post inoculation, with significant 

structural desegregatim and cellular destructicm occurring over tiie next 48 h. The data 
shows EVl initiates a productive cell to cell lytic infection within the cazicerous spheriod 
which is effective in retarding spheriod growth regardless of &e initial pre-inoculation 
spheriod volume (ie 5x10^ or 5x10^ cells). 

20 42 Effect of Echovirus 1 on an Ascites Model of Human Ovarian Cancer 

In the late stages of metastatic ovarian cancer, the tumor cells migrate throughout the 
peritoneal cavity' and/ or col<mise distant tissue sites. To determine whether EVl- 
mediated oncolysis is an effective th^apy for advanced steges of peritoneal ovarian 
cancer, a SCID-mouse ascites model bearing hiuxum ovarian cax^oma xenografts was 

25 emplo}red. SOD mice were injected via the intraperitoneal route with 2 x 10^ OVHS-1 
cells 14 days before the administration of live EVl. The experimental treatment regime 
consisted of a single dose of either PBS, UV-inactivated EVl or live EVl (lO^TCDDso) 
injected via the intraperitoneal route. Changes in the body weight of mice receiving the 
various treatmente relative to those of mice not bearing ovarian cancer xenografts were 

30 wed as a marker of the development of ascites burden. 

At 3 weeks post-treatment mice administered FBS or UV-inactivated EVl exhibited 
significant increases in weight but no difference between the normal and EVl treated 
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mice was observed, lite body weight of the PBS or UV-inactivated EVl groups continued 
to rise azid at 4 weeks PI substantial abdominal sweUing due to accumulation of asdtas 
fluid was evident in all mice but not in the i^maining treatment group (Hgure 19A). At 5 
weeks PI, all mice from the PBS and UV-inactivated EVl were sacrificed due to exoesaiye 
6 peritoneal ascites, while no detectable weight gain or ascites foimation was observed 
between the EVl-treated mice and aimnals that did not receive ovarian cancer xenografts 
(Figure 19B). Throughout the course of this investigation no signs of dramatic disease 
development were observed in mice injected with live EVl, even in ihe presence of senim 
viral loads 10-100 fold (at 7-14 days PI; data not shown) in excess of the viral inoculum 
10 dose. 

4.3 Discusaion 

One of ilie xnajor requirements for a successful viral oncolytic strategy using rcpUcation- 
competent viruses is low viral pathogenicity for the host but a high predilection for 
neoplastic cells. 

15 In the present study the capacity of repiesentattve human echoviruses to induce lytic 
infection ofm vitzocsSX cultures of human ovarian cancer ceDs was assessed. Despite, 
being highly oncolytic for melanoma cells, CVA21 and a prototype strain of EV7 were not 
as potent as EVl at inducing productive lytic infections in a number of human ovarian 
cancer ceU monolayers. Monoclonal antibody blocking studies confirmed that the EVl- 
mediated lytic infection of ovarian cancer ceUs was initiated via specific viral capsid 
binding wiUi cell surface expressed integrin a2pl. As integrin ccjP, does not peimit 
simultaneously binding of both EVl and collagen, EVl lytic iirfection of ovarian cancer 
cells not only mediates rapid oeU oncolysis, but may also interfere with interactions 
between with type 1 coHagen and a2pl integrin thereby potentiaUy reducing the 
25 dissemination of the cancer cell across ihe peritoneal surface. 

Destruction of multi^cellular ihree^Umensional spheroids by BVl chaUenge reflects utlUty 
of EVl^mediated oncolysis in the in vivotedvLt&mt of solid ovarian tumor burdea This 
efficient lysis of ovarian spheroids by EVl is impressive considering that individual cells 
in ovarian spheroids appear to be more robust than ceOs in monolayer formation, 
30 possessing enhanced resistance to radiation and chemical induced apoptosis (Franks A. 
etal.,1997). 



20 
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Tlterapeutic oncolytic viruses shoxdd possess a discrimmatory mechanism for the 
tai^geting of malignaitt cells. Selective EVl-mediated infection was highlighted hy the 
inability of EVl to induce dramatic cytolysis of a nonnal epithelial ovarian cell line and 
peripheral blood lymphocytes (PBLs). The pmduction of high tite,^ of progeny virus from 
5 the ovarian cancer cells but not from suspensions of PBLs reinforces the spedfidty and 
low pathogenic nature of EVl infection non-neoplastic ceUs. 

In addition to ovarian cardnomas, maUgnant melanomas cells also express up-regulated 
leveb of surface integrinc^iP, thereby«ndering them susceptible to BVl challenge. In 
somewhat of a parado)<, EVl infection of ovarian cancer cells induces increased surface 
expression of ICAM-1 (Pietiainert V. et al., 2000), the cell targeting receptor for CVA21 on 
melanoma celte. Accordingly, challenge of ovarian cancer and/ or melanoma malignancies 
by a therapeutic preparation containing both Uve EVl and CVA21 may result in more 
potent oncolytic infections. 

Intraperitoneal administration of EVl was very effective in controlling the development 
of ovarian tumor xenografts in the peritoneal cavity of SOD-mice. All mice injected with 
Uve EVl failed to display increased weight gain (relative to mice not injected with ovarian 
cancer xenografts) and the development of detectable peritoneal ascites. Rwgeny EVl 
generated by In Wvolytic infection of the neoplastic ovarian cells waa detected in the 
blood of mice at 7 days H (data not shown). Vireamic EVl can be viewed as an attractive 
reservoir for the control of disseminated disease and its detection at significant levels 
(approximately 10*TCID«) also indicates that the viral input dose of lO'TaDa.may be 
significantly reduced while maintainii^ oncolytic potency. The failure to detect vireamic 
EVl at 7 days PI in mice not bearing ovarian cancer xenografts (data not shovm) suggests 
that in the absence of susceptible neoplastic ceUs EVl is rapidly and effective clearing 
25 ffom systemic circulation. 

Overall the results highlight that EVl oncolytic therapy is very eOsctive Wiro and ih 
vfvo for the control of peritoneal ovarian cance«. The use of the relatively non-invasive 
EVl therapy may be viewed as an attractive alteniative to current treatinent regimes that 
involve surgical debulking followed by combination chemotherapy. EVl therapy may 
also be employed as adjuvant therapy foDowing tumor debuHdng operations, focussing 
on the targeting and destitictton of neoplastic ceUs released during the mechanics of 
surgery. EVl oncolytic therapy may also be used as a novel therapeutic in the treatment of 
other human malignancies expressing Wgh levels of integrin a2pi. Moreover, as EVl and 



15 



20 



30 



06/15/2005 WED 01:16 [TX/RX NO 6474] lg|03g 



15. JUN. 2005 18:32 SPRUSON AND FERGUSON 61292615486 NO. 2167 P. 40 

wo 2004/054613 PCT/AU2003/00168* 

32. 

BV8 compete for the same bmding epitope on integrin <x2pi, BV8 may be aix alternate 
choice to EVl for inducing rapid lytic infections of ovarian carcinoma cells. The 
availabiKty of two distinct viral serotypes allows sequential chaUenge of ovarian 
carcinomas via integrin a2pi taigeting, independent of a protective immune response 
5 generated as a result of primary viral administration. The availability of a potent anii- 
enteroviral drug (pleconaril) for EVl (Pevear, D.C. et al., 1999) further enhances the 
attractiveness of this therapy, as it affords direct control of non-^edfic viral replication 
and disseminated progeny virus. The potential synergy between pleconaril and EVl may 
also permit the systemic injection of very high viral input mulbLplidlies foUowed by 
10 administration of pleconaril (to inactivate free virus) shortly after the virus has targeted 
axui commenced lytic infection of the malignant cells. 

It win be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to die invention as shown in the specific embodiments 
without departing fix>m the spirit or scope of the invention as broadly described. The 
15 present embodiments are, therefore, to be considered all respects as illustrative and not 
restrictive. 
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